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@ Chlorastaric polariater and Itie manutetura ttaraof. 



@ A broadband chdesteric polarize described, as well as a method of manufacturing such a 
polarizer. Said pdarcer comprises an optically active layer of a pdymer material having a chdesteric 
c^er, said materia! being oriented so that the axis of the molecular helbc extends trarraversely to the 
layar. In accmjance with the invention, the polarizsr is characterized in that the pitch of the molecular 
helix in the layer is varied in such a manner that the diffiarBnce bet%veen the maximum pitch and the 
minimum pitch is at least 100 nm. The optically active layers ara praferaUy provided on sutudratas 
v/hich bring about a conversion of circulariy polarized light into linearly polarbed light Three different 
methods of manufacturing such broadkmnd polarizers are described. 
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hJ^JT^T *° ' cholesteric polarizer comprising an optically active layer of a polymer material 

^Tt? """^ "^"^ •» that the of the^tecLSr S 

Imwrtion further relates to a lighting device comprising a socket for an electric light Mur^ arefl^ «^ 
such a cholesteric polarizer which Is preferably provided with a quarter^vTSte 

h-««Tl?*™J? ^° unpolarized light into polarized light Until now so-called "sheet polarizers' 

JT J"^ !f patarteen aie exposed to unpolarized light *ey t?^Snlt 

H drewbaok that under optimum conditions maximaHy only sS? of^ 

qinntity of incident light b converted into polarized light Thus, this type of polarizers has a relatfveMw 

Sr^^T'r *° °^ ''^^ untiansSSL wmpone^tThfe m^y gSe Zt 

S2S^id ^'i'S'^r* polarizer which causes undesired changes In the polarization charaiSSfcTttS 
potertzerand. at h^h intensities of the incident light, can even lead to destruction of the polarizer 

lioht SuT^^i^t! ^ '^'^'"^ efficiently convert unpdarized light In^ polarized 

K"^ r -^^ """^"^^ •'P"'*">' ""y*' « cholesteric f^e. chirel nematic) materialhS 
^i^, r ^^"^ '"«terial the chiral molecules have a structure such that they spontiSSTassum^ 

^^^^^^.^TT" "jl*^""' ^t""*"™ »» »n ~ch a manner that the axte of the helix extends 

2^^^ the layer. A better orientation of the helix is ottoined If the substrates are provided 
called orientation layers on the surfaces facing each other. If this type of polarizer Is irradiated with a beam 

?nS"S2r2^f " ''^^^^'-^^ t^(righ' handed omS^SSX^ 

Sn^h?.^ "11^- *^ "^'"^^^ "J"" '» tninamitted. By means of a mlrSjS; 
n^i^ P<^™»n of the reflected light can be reversed, after which said light which Is now -JJonJ 
^^Si^S^^V^ if °" ^ n»nner and ulg this type^daS 

SSl^ai^lSr " -compatible- wavelength"can b^^verted into 

hb^^ ^i!^- 'I'H^ " '^"'^ -Polarizing Color Fitere 

S^SSi^S^^i: ■ 'r ®° artlde/descriptton Is 

t^ZI^^ J^^ °f " Poly™^ having a eholeataric 

^ ne^^.J^:?> oriantlng a mbcture of a chirel silSne moSmS 

Th^onH^^r- . substretes of glass, after which they are pdymaiadto 

the opt cally active layer by means of UV light The ratio between the two types of monOTierSaS^JmTr 
Soverns the pitch of the motecular helbc and the reflection wavelenSh^ coESrTS iSlcJonVS- 

k Z^^^f^ cholestaric polarizer is that the bandwidth AX of the polarized light 

- !r ^"'^'^ ^P^"""- determined by tSe SSuK 

-J^, where An = n'-n" represents the birefringenee of the layer and n = (n'+nTC repraJnte the avereoe 

SS?^"i^"c^-t.L:iS:r*' '"."^rS."' f-rt'- '^^•''9««Peotrum gove!;ed SSmmrntir^ 
h,^«TITh«^ ^ Of "«««fn8 Mid birefringence are relatively 11^ 

1 Tn oeJ^fh^TnS^ H r~"" "1'" « associate, bandwidth Is «nallerfhan^ 
2t7c fer ^r^I^ bandwKlthe have values ranging between 30 and 50 nm. This small bandwidth is prablem- 
nm Jirj^ «PP'«at'ons. in practice, polarizers having a bandwidth of at least 100 nm, and prefeiSy lS 
nm and more are desired, in particular bandwidths which cover an important portion of ^e viibE»ertr«n 
« a« very IntarBstinfl Bar industrial applications. i«'"n w me visioie apecirum 

In the abova^ntioned article this known problem is overeome by the use of polarizers which are bulit 
up Of a number of optically active layers having different reflection wavelengths. In ftis mann^a Stor 

trrH'«!!::!"iJ.''^fj?"'".'^"'"'*^"^ 

» f^r.^^-^J^.^ ^ ""T' chdeste,?^ 
Z^L consisting of more than one optically active layar detarioralas rapidly due to errors which are tvoical 

^^ T^^^ — • ■*«N»nical- dh^lnations. 
Oranj"" -dIscHnations and a loss of planar moiecuiar onJer. Second, the thickness of such a composite 
problems. A. the thickness of the Individual layere must minlmslly be 6 microns. 

« KtaSSl^Tl^'"'"'"" approximately 20 mioons. At such thfeknesaes the optiS 

layan the polanzer becomes exces8h«ly dependent on the viewing angle. 

It B an object of the invention to provide a polarizer in which the above drawbacks are overcame Ttm •!« 

fni IT"*"*: ^ '^'^ « ^^^^ ^ compS^S^fTJTpSTnsIS 

and which can be manufectured in a simple manner. The bandwidth of the intended polarizer !ISietoSI 
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than that of the known polarizers and should preferably compr»e a substantial portion of the visible spectrum. 
The Invention also airr^ at providing methods of manufecturing such polarizers in an efficient and cost- 
effective manner as well as lightlr^ devices oOTnprisIng such a polarizer. 

These and other objects (tf the invent ion are 8ch» ved by a polarizer of the type mentioned In the opening 
5 paragraph, which is characterized aocoidlng to the invention in that the pitch of ttte molecular helix In the layer 
is varied in such a manner that the difference between the maximum pitch and the minimum pitch is at least 
100 nm. 

In the known single chdesteric polarizers the pitch across the optically active layer is substantially con- 
stant As the pitch in the optteally atittwe layer of the inventive pdarizer varies, bandwidths of at least 1 60 nm 

10 can be realised. As will be explained hereinafter, polarizers having a bandwidth in excess of 250 nm have been 
manufectured which bandwidth covers substantially the entire visible portion of the light spectrum (400-640 
nm). This bandwidth sufficient for many applications. As the Inventive polarizer comprises only one optically 
acthfe layer, the above-mentk>ned drawbacks of the known multilayer iKdarizer do not occur. 

in accntlance with a preferred embodiment of the invention, the Inventive polarizer is characterized In 

IS that the pitch of the molecular heibc increases sut>stantially continuously f rcmi a minimum value at one surfece 
of the layer to a maximum value at the other surface of the layer. By means of this particular oonfiguration It 
is attained that the helical structure of the cholesteric material, vtewed in the direction of the normal to the 
layer, changes gradually. This precludes the occurrence of material stresses in the optical layer and has a fer 
vourable effect on the strength of said layer. 

20 Another favourable embodiment of the polarizer acoOTding to the invention is characterized in that the poly- 
mer material forms a three-dlmensk>nal network. Optically active layers which consist of such a three- 
dimensional network are exceptionally strortg. In practice they can sultatdy be used as self-supporting polar- 
ization films. That b, said optically active layers need not be provided with substrates. After the manufacture 
of such cholesteric polarizers the substrates which are necessary for the <»ientatbn and polymerization can 

25 be removed. This has a fevourable effect on the compactness of the polarizer. Further it has been found that 
this partteular type of polarizer has the additional advantage that the temperature dependence of the polari- 
zation charact^istlc is extremely smafl. 

A further interastlng embodiment of the chdesteric polarteer In accordance with the invention is charac- 
terized in that the opttealiy active layer is present on a substrate of a stretched synthetic resin film, the degree 

30 of stretching and the thickness of the film being selected in such a manner that the optical nstardation of the 
film Is approximately 0.25 times the wavelength of the band reflected during operation of the polariser 

The light which is passed through a choleaterte. polarizer is dncuiarly polarized. Fa- a numberof applica- 
tions It is desirable that the emergent light is linearly polarized instead of circulariy polarized. In that case, the 
polariser in a^ordanee with the iast-ment toned preferred emtKxIiment is provided on a sulsstrale of stretched 

35 synthetic resin film. Sini^ the substrate is stretched in-plane in one direction, the refractive indices in saM 
direction and in the in-plane direction perpendicularly to the direction of stretching are different The refractive 
index difference and the thickness of the film can be selected in such a manner that the prcxiuct of these quan- 
tities (optk:aI retardation) corresponds substantially to 0.25 times the wavelength of the (centre of the) band- 
width reflected by the polariser. As a result, this substrate serves as a quarter-wvave plate which converts clr- 

40 cularly polarized light into linearly polarized light The synthetic resin film may be manufecturad of, for «campte, 
polyethylene terephthalafte, polycari)onate, polyethylene ketone or polypiopyiene. 

if the Inverttive polariser is constructed as a self-supporting layer, nid layer can be directly provided on 
such a substrate of stretched synthette resin film, whtoh sultstrate can serve as an additional supportfor the 
polariser. Since such a polariser does not have to be provided with separate substrates, a compact "linear po- 

45 tariser" is obtained in this n^nner. It is alternatively possible, however, that the stretched synthette resin film 
already serves as a substrate in the manufacture of the optically active layer. This benefits the ease of man- 
ufecture. 

A further interastlng embodiment of the cholesteric polariser in accordance with the invention is charac- 
terized in that the optically active layer is present on a substrate of two stretched synthetic resin films of dif- 

50 ferentcompoaitkm, the diractionsof stretching of both films extending substantially transversely to each other, 
and the degree of stretching of tioth films being selected in such a manner that, due to the diffarence in dis- 
persbn between the films, the nett retardation of the substrate is subdantially equal to 0.25 timas the wave- 
length over a substantial portion of the reflected bandwidth of the polariser. 

By means of this emboHdiment it can be achieved that for a sut>tiantial portton of the reflected bandwidth 

55 the optical retardation is substantiaily equal to 0.25 times the wavelength. When a single strstohed synthetic 
resin film Is used, the optical ratardatton remains the same over the entire bandvvidth. As a result, the conver- 
ston from circularly polarized light into linearly polarind light is riot optimal over the entire bandwidth. This Is 
a disadvantage, particularly, in broadband pdarisers. 
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The invention also relates to methods of manuTacturing the polariser in aooordance with the Invention. A 
first method is characterized In that a mixtijre of chiral and Hematogenic monomers, each having a different 
reactivity, is provided In the form of a layer between two parallel substrates, after which actinic radiation is 
applied in accordance with a radiation profile whose intensity varies over the layer, so that the mixture is poly- 
c merised to an optically active layer of polymer material having a cholesteric order, whereafter. If desired, the 
substrates are removed from the optically active layer. 

A secortd method of manufacturing the inventive polariser is characterized acoorx5ing to the Invention in 
that a mixture of chirai and nematogenlc monomers, each having a different reacth/lty. is provided on a sut>- 
strate in the form of a layer, after which actinic radiation is applied in accordance with a radiation profile whose 

io intensity varies over the layer, so that the mixture Is polymerised to an optically active layer of polymer materia! 
having a cholesteric order, whereafter, If desired, the substrate is removed from the optically active layer. 

In general. It holds that the pitch of the molecular helix is governed to an important degree by the ratio 
between the chiral and the mesogenic monomer In the polymer material. Owing to the difference in reactivity 
between both mononners, the capture probability of the most reacth^e mononrter is greater than that of the least 

IS reacth^ monomer. If during the polymerization of the mixture, which is Initiated by actinic radiation, a varfeition 
in the radiation intensity is realised across the optically active layer to be formed, the most reactive monomer 
is preferentially incorporated in the polymer at the tocation(s) of the highest radiation intensity. As a result, one 
or more concentration gradient(s} of free monomer Is (are) formed during said polymerization process. This 
causes monomer diffusion from locations with a low monomer concentration to locations with a high monomer 

20 concentration. The monomere of high reactivity will diffuse to the place(s) where the radiation Intensity Is high- 
est The monomers of low reactivity, however, will diffuse to the place(s) where the radiation Intensity Is lowest 
This leads to an increase In reactive monomer in areas of the formed polymer material where, during the poly- 
mercation process, the radiation intensity was highest As a result the composition of the polymer material 
varies In the direction transverse to the polymer layer. This causes a variation in the pitch of the moiecuiar 

25 helix In the layer, which molecular helbc is formed by the polymer. This variation of the pitch provides the opt- 
ically active layer with a large bandwidth, the value of which is proportional to the value of the variation In pitch. 
In the first method, the mixture can be provided between the substrates by means of a pipette and vacuum 
techniques. In the second method, the mixture can provided on the substrate by means of a so>ca!led "doc- 
tor's blade' or by means of screen printing. The second method clearly is more suitable for mass production. 

30 The time-consuming filling of narrow spaces twtween sut>strates is onitted in the second method. 

it is noted that In theory the variation of the pitch of the molecular helbc can be realised on the basis of the 
temperature dependence of the pitch of cholesteric polymers. In this case a temperature gradient must t>e pro- 
vided across the opt ically active layer of the m ixture of monomere, after which photopdymerization has to talce 
place. Due to the small thk:kness of the optically active layer, typicaOy a few micrometers to several tens of 

35 micremetera, this approach leads in practice to great problems caused by the requirsd slope of such a tem- 
perature gradient 

It is f urttier noted that in said Invanth^e methods It is not absolutely necessary to use substrates which are 
provided with orientation layers on the surface facing the optically active layer. Particulariy in the manufacture 
of (very) thin optically active layers spontaneous orientation of the nematogenlc groups generally occurs. How^ 

40 ever, the presence of orientation layers during polymercation leads to an improved orientation of the optically 
active layer, so that the optical properties of the poiarisers are sub^antially improved. 

For the reactive monmere use can be made of compounds comprising a reactive group on the basis of 
acrylates, epoxy compounds, vinyl ethers and thiolene systems, as described in, Meraffa, US 5,188,760. 
Monomers having a different reactiva group generally diffier in naacth^ity. Said reactivity Is also governed by 

46 the reaction conditions under which the polymerization operation Is carried out, such as temperature, wave- 
length of the actinic radiation used. etc.. 

An interesting variant of the above-mentioned methods is characterized according to the invention in that 
the number of reactive groups of the chiral monomer differs from that of the nematogenic monomer. When 
such a mixture of moncamere is photopolymerlzed a three-dimensional network is formed because at least one 

» of the two types of monomers comprises two or more reactive groups. As noted above, such a polymer network 
gives great strength to the optica! layer, so that after the photopolymerizatkMi process the substrates used, 
including any orientatton tayars, can ba removed from the optteal layer, if desired, so that a aelf-supporting 
broadband polarization flHar is obtained. Monomer mixturas in which one type of monomer comprises one r^ 
active group and the other type of monomer comprises two reactiva groups are prsferred. 

55 The use of such a mixture of monomers comprising only one and the same type of reactive group has an 

additional advantage. As a result of a smaller capture probability, monmers having one reactive group are 
less reactive than monomers having two reactive groups. By virtue thereof and despite the fact that one and 
the same type of reactive group is used, a concentration gradient can be realised in the photopolymerizatton 
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process. The use of said two types of reactive mon<vners in a mixture offers the advantage of improved mixing 
of these morKHners. Very good results are obtained with monomer mixtures in which one monomer has one 
acryiate group and the other monomer has two acrylate groups. 

Photopolymerization lakes place by means of actinic radiation. This is to be understood to mean irradiation 

5 with light, preferably UV-light X-rays, gamma rays or trrediation with high-energy particles, such as electrons 
or Ions. Polymerization can be carried out In several ways. For example, by means of a coherent radiation 
source (laser) a periodical variation of the pitch of the molecular helbc can be obtained. Constructive and de- 
structive interference b used to f<»7n an Interference pattern in the optically active layer, so that durir^ the 
p<dymerization operation a periodk»! variation of the light intensity straight through the layer occurs. 

10 Asimpler polymerization method is obtained if a non-coherent radiation source » used whose wavelength 
is chosen to lie in the range where the maximum of the sum of the absorptions of the nK>nomers used and the 
photDlnltiator is found. In this case a relatively laige gradient of the light Intensity across the optically active 
layer can be obtained without taking additional measures. 

A very convenient method Is characterized according to the invention in that the mixture also comprises 

IS a dye having an at)sorption rraximum whose .wavelength corresponds sut>stantially to the wavdength of the 
actinic radiation used. An lmp<»^nt advantage of th» n^thod is that it offers great freedom as regards the 
choice of the layerthickness. the photoinit iation system, the potymerizatk>n wavelength and the polynr^rization 
rate. As the quantity of dye can be selected at will within certain limits, independent of the other components 
of the mixture to be polymerized, the Qinear) Intensity gradient of the radiation across the optically active layer 

20 can be adjusted very accurately the concentration of the dye. Praferably, a dye is used whose absorptton 
maximum lies outskie the wavelength range In which the polarizer must operate. In this manner, undeslred 
absorptions during the use of the finished polarizer are precluded. 

A third interesting method of manufacturing the inventive polariser is characterized in that a surface of an 
optically active layer of pdymerised liquid crystalline material having a chdesteric order is provkied with a film 

25 of reactive monomers which cause a concentration gradient in the layer as a result of diffusk>n, after which 
the monomers are polymerised. 

Said method is based on known optically acthw layers of polymerised liqukJ crystalline material of chd- 
esteric order, as described In, fntorana, US 5,132,147 and US 4,410^70. In these known optically active layers, 
the pitch of the molecular helix across the layer is substantially constant The diff usk>n of the monomers in 

30 the optically active layer causes thte layer to swell up sightly. This swelling leads to an increase of the pitch 
of the nK)lecular helix. Said increase causes the reflection wavelength values to augment /n Consequently, 
the provision of a concentration gradient of monomer across the thickness of the optically active layer results 
in a variation of the pitch of the molecular helix. As a result, a broadband chde^ric polariser is.obtained. 
Due to the pdymerizatton of the monomera the diff uston in the optteally active layer Is stopped. Further 

3S diffuston would eventually lead to a narro¥v-band polariser whose refiectton wavi^ngth axraeds that of the 
init^l optically acthfe layer. Forthe reactive monomera use can be madeof niolecules comprising nematogenic 
groups. IHowever, this Is not necessary. Since the diffuston causes an Increase of the pitch of the molecular 
helix, the initial, optically active layers should have a reflection whk:h corresponds to the smallest desired wa^ 
velength. Consequently, for the manufacture of tnioadband pdarisere which must be operath^e in the entire 

40 visible range of the spectrum, use shouM be made of a chdesteric layer having a refledion band In the blue 
region of ttie visible spectrum. 

An interesting variant of the third method In accordance with the invention is ch a r a cteriz e d in that the film 
comprises a mixture of mononrters having different dlff uston rates in the layer. It has t>een found that the use 
of a single type of monomer does not always yield satisfiactory results. This can be attributed to the formation 

45 of a sharp reflection peak. The use of two or moTS rminomers having different diffusion rates causes the re- 
flection peaks to overlap. This results in a broadband behaviour of the polariser. 

Another interesting variant of the third method in accordance with the Invent ton is charaaerized in that at 
least a part of the monomers comprises two or more pdymerisable groups. This measure yields a broadband, 
optically active layer of conaklerBbie strength. Polymerizatkm of the monomers leads to a three-dimensional 

eo network. By virtue thereof, the possibility of further diffusion of these monomera after the polymarizatton op- 
eration is further reduced. 

The inventton further relates to a lighting device comprising a socket for an electric light source, a reflector 
and a cholesteric polarizer which is preferably provided with a quarter-wave plate. This device is characterized 
in that a cholesteric polarizer In accodance with the invention is used therein. By means of such a lighting 

55 device polarized light can be produced with a high efFidency. If the polarizer comprises a quarter-wave plate, 
the light produced is linearly polarized. Devices producing linearly polarized light are particularly suitabte for 
indoor applications (for example office and shop lightlr^ and outdoor applicattons (for example car and street 
lighting). The inventive device can also be u^ in liquid cryatel displays. In linearly polarized light, raflecttons 
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and scattOTng occur to a lesser degree than in circularly polarized light In the absence of a quarter-wave plate, 
the inventive device produces circularly polarized light 

In the device in accordance with the Invention, a discharge lamp can be used as the electric light source 
in which, dunng operation, a discharge arc is generated, for example between two electrodes. In a discharge 
tube. Examples of this type of light sources are high-pressure discharge lamps, such as high-pressure Na Hg 
or metal halkJe lamps. Lx)v*^pressure discharge lamps, such as fluorescent lamps or low-pressure Na lamps 
c»n also suitably be used. Altemath^ely. an Incandescent body in an airtight lamp envdope can be used as 
the l»ght source in the lighting device in accordance with the invention. The Ismp envelope may be evacuated 
or It may contain a filler gas. Said filler gas may be Inert or based on a halogen gas. Halogen lamps are a 
good example of the last-mentioned dass of electric light sources. It is noted that the light souroe may be de- 
tachably provided in the device, for example by means of a screw thread or bayonet fixing. It is alternatively 
possible, however, that the light source and the socket for said light source are inextricably interxx>nnected 

The raflector serves to reflect the light generated by the light source during operation of the Inventive de- 
vice in the direction of the polarizer The surface of the polarizer facing the light source consists of a material 
having a high reflection coefficient for the light of the light source to be used. For applications with visible light 
iriter alia, metals and alloys having a good reflectivity can suitably be used, such as pr^erably gold, silver and 
aluminium, the latter being much cheaper. The reflectDr can be self-supporting but generally consists of a metal 
layer which is vapour-deposifeed on to a housing. 

The cholestertc polarizer of the Inventive device pr^raUy oomprises a quarter-wave plate for converting 
circularly polarized light Into linearly polarized light Said quarter-wave plate may be connected to the ch<rfes- 
tencpolartzeras a separate optical element Preferably, the polarizer and the quarter-wave plate are Integrated 
so that they form an Individual optical element In the latter case, said quarter-wave plate may consist of a 
stretched synthetic resin film which was used as the substrate of the optically active layer In the manufacture 
of the pdanzer. The invention will be explained in greater detail by means of exemplary embodiments and 
the drawing. In which 

Rg. 1 diagrammatically shows a number of embodiments of cholesteric polarizers in accordance with the 
invention. 

Fifi. 2 shows the chemical structural formulas of two monomara which can be used in the manufacture of 
a cholesteric polarizer according to the invention. 

Fig. 3 shows the chemical structurs of a dye which can be used in the manufacture of a polariw accordino 
to the invention. ^ 

Rg. 4 shows a reflection spectrum of a cholesfBric polarizer, the pitch of the molecular helbc being (a) con- 
stant and (b) varied. 



Rg. 5 shows a graph in which the variation of the pitch in the optically active layer of a polarisar in i 
dance with Fig. 1(a) is depicted. 

F^. 6 sho¥ys a transmission spectrum of an inventive pdariser in accordance with Rg. 1(b). 
Rg. 7 shows a transmission spectrum of the invanthfe polarisar in accordance with Rg. l-c, (a) belbre 
diffusion and (b) after diffusion. 

Rg. 8 is a diagrammatic sectional view of a first lighting device in accordance with the invention. 
Rg. 9 is a diagrammatic sectional view of a second lighting device in accordance with the invention. 
It is noted that, for clarity, the individuai components of the Figures are not drawn to scale. 
Rg. 1a shows a first embodiment of a polarizer in accordance with the invention. Said polarizer comprises 
two fiat, tmnsparsnt glass substrates 1 and 2 which extend parallel to each other and are tocaled at some 
distance from each other. The facing aurfacas of the substrates ars provided with an orientetlon layer 3 and 
4. respectively, for example of rubbed pdyimlde or sputtersd SIO, and the edges are provided with a spacer 
o. 

An optically active layer 6 is present between both substrates. Said layer consists of a polymere material 
having a cholesteric order. The axis of the molecular helix of the cholesteric material extends transversely to 
the layer. The pitch of the molecular helix Is varied in the layer, said pitch increasing continuously from one 
surface of the optically active layer to the other surface. In the prasent case this is dlagiammaticaliy shown 
by means of two spiral-shaped structures 7. The thidcness of the optically active layer typically ranges from 
3 to 40 micrometers, prefisrably from 5 to 25 micrometera. 

The above-described embodiment of the cholesteric polarizer in accordance with the Invention was man- 
ufactured as follows. First, a mbctura of reacthre monomers was preparad. This mixture comprises 60 wt % 
ofthechlral componentAand40 wt %ofthenematogenicct»nponentB. Component A comprises two reacth« 
acrylate groups per molecule and component B comprises one rsactive acrylate group per motecule. The exact 
structural formulas of the components Aand B are shown in Fig. 2. Owing to the different number of react^e 
groups per molecule, both monomers have a different reactivity. Subsequently, 0.5 wt % of the photoinitiatDr 
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lgaoure-651 (Ciba Geigy) and 50 ppm of p-methoxyphenol (stabilizer) and a quantity of a dye are added to 
this mixture. The chemical structure of this dye » shown in Fig. 3. This dye exhibits an absorption maximum 
around 334 nm and an extinction ooeffident of 31524 1/mol.cm. 

The mbcture thus manufactured vms then provided between two transparent substrates. Said substrates 
5 carried a layer of rubbed polyimide. Said layers are used to orient the molecular helbc which forms spontane- 
ously In the chdestenc mixture. To preclude the formation of disdinations both substrates were sheared over 
a small distance until a planar order was obtained. Subsequently, the reacth^ mbcture was photopolymerfzed 
k>y means of UV-light for 8 minutes at room temperature. As one of the two reactive monomers ocmiprises two 
reactive groups per molecule, a three-dimensional polymer network e formfsd during polymerization. Due to 
10 the strength of the optical layer thus fOTned. the optical layer ooidd be detached from both substrates and 
tiised as a self-supporting cholesteric polarizer. 

A number of the above-described polarizers was manufactured, the quantity of dye added being varied 
as well as the wavelength (X) and the incident power (16} of the UV-i^ht Subsequently, the bandwidth of this 
polarizer was measured. Table 1 shows the bandwidth which corresponds to a certain quantity of dye added. 

is 

TABLE I 



20 



25 



SO 



Dye concentration (wt%) 


Bandwith (nm) 


IO-0.62 mW/cm2 


lo=0.058 mW/cmz 


lo=0.15 mW/cm2 


. . 0 


41 


41 


45 


0.33 


55 


133 


.126 


0.66 


70 


255 


233 


1.0 


114 


261 


319 


2.0 


256 


380 


>400 


4.0 


316 


>400 




6.0 


362 







In the absence of a dye the bandwidth is less than 50 nm. When a dye is used the bandviddth Increases 
rapidly, even to values in excess of 400 nm. The centre of the bandwidth is always at approximately 555 nm. 
With this bandwidth and its position in the spectrum, substantially the entire visible portion of the spectrum 
is covered. Consequently, such a cholesteric polaraer can suitably be used as a broadband polarizer for the 
entire visitde light spectrum. 

Fig. 4 shows a reflection spectrum of a polarizer in which the pitch is (a) constant and (b) in aooordanoe 
with the first embodiment of the invention. The polarizers were exposed to comilarly polarized light Spectrum 
(a) was obtained in the absence of a dye. The bandwidth of this spectrum is therefore only approximately 45 
nm. Spectrum (b) was obtained by using a dye during the polymerization process. The bandwidth of this filter 
is approximateiy 230 nm. 



TABLE il 
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wt%dye 


bandwith (nm) 


0:00 


37 


0.13 


63 


0.17 


82 


0.26 


109 


0.41 


1^ 


0.58 


308 


0.71 


328 
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Table 11 8ha*s the bandwWths of a "-"'^St^^^^jStsu Dyes Ud) was added in certain oon- 
instead of the above-mentioned dye ^^^i^^^JJ^s ^absoition maximum arcHind 400 nmjn 
centrations for the manufacture '^^^^^^^^^r^SMfce (365 nm) having an incident power of 5 
this case, the reactive mfadure was Pf^^!' J^^iSJh^^ with the quantity of dye. 
mWtem» for 8 minutes. Table il also shows ^" Jjf JSnoVioin one surface of an 18 micnxneter 
Flo 5 shows the change of the pitch as a *""<*'°"jf * photographs talan at the frao- 

.hJS^totheother«jrfece.Th^gure^^^ 

ture fto of doss-sectiona of *«,'»'«^^^^'^teS^50 Id 800 nm. Due to the abscqition band of the 

d^ionsof stretching of both fiirnsextendsub^h^^ 
r^neTmt^irre^e-^^ 

s&d^sri*ss::S^--= 

posite substrate described In the ^^^''^^^ mon^rners. A number of comparathje «P^ 

layer Oayerthicl«,ess 20 mlcrometera)oUn^ureo^ 

ments showed that this layer could ^t*^™*^^ Kw^rws had a different reactivity. The 
chirai and nematogenic "»nome«. SaW ^^^'^^e.rt A. 39.2 wt % of component B. 1 wt Jo^ 
of the monomer mixture was as foliows. 5" „ *^i^^Geigy) and 100 ppm of p^nethoxy phenol. Aftar 
the dye in accordance with Fig. 3. 1 wt % of Ig^ ^ source (365 nm) to which the layer was 

ZZ^ had been provided. was pdym«r«ed by 60 minutes. 

esteric polari«r in accordance with *hf ••f^T*' •"'^^"li^ t^^^^ Undwidth of the filter was approximatsly 
, rmiS^^rifrrndlSi:^^ 

-^'xrsr;trr?n«ntof«.p^,;;^— 

prtsas^a substrate 21 of a stretched ^^'J "Sa ^^n^^JS^^^ 

of stretching «rf*efilm was selected taau*ama^^ substrate In question an optimum con- 
M029. The thickness of the substrate was 50 ";;«XJJh^^r«d at a w^elangth of approximately 
^lonofclroularlypola,izedlightinloune«1yp^^ 

580 nm. TTtis wavelar«^ is situated in the ^^'"^ "^"SS^ealeric order is p.es«it on the subMrals. 

An optically active layer 22 of liquid "^^iTtop layer 23 of polymer matartal. Said layer. 

Thethicto«asoflayar22waa20,niao™tej^^ 
Which hasathlclm««ofappn«l..v-ely2m«^^^^^ 

said third embodiment of the Invertlve ^^J^^^^ provided on the substrata. Tach- 

tive layer of polymerised liquid '^««~ "J^^^^'^'tT^ W In^h a 'aV'** ,«*acularh.l»c 
nlques for applying such a layer « *^ pitc^ of .aid helix Is substantially constant 

Of the cholesteric material extends '^'^'^ 

Atwn layer of a mixture of react«« •~"!^^^„'avolume ratio of 1:1:1- For the monomers use wm 
ease a mixture of three different monomers was used '« Mmhenol-A diaerylato. A quantity of 4 wt. 

S of blnedlol diacrylate. octanedlol acrylate ^"^-^•^^^o'JttS^^ ^ at different 
Haphotolnltlator was addedtethe mixture. Thernorwm^^ 

Ls. -fhls raaults m the formatton of « atthe location 

:r^o;rs:^.tr^"^='^^^^^^ 



40 



45 



EP06Q6 940 A2 



of the monomers and stabilization of the concentration gradient Since the monomer mixture was not com- 
pletely diffused in the optbally active layer in the polymerization operation, also a polynwrised top layer (thick- 
ness 2 micrDmeters) was formed on the optically active layer. 

Fig. 7 shows a spectrum of the cholesteric polarizer in which the transmission T Is plotted as a function 

5 of the wavelength. The Incident light we» circularly pdarized. Spectrum (a) shows the trananlsslon charao- 
terist Ic of the optically active layer before the diffusion of the monomers. Spectrum (b) shows the characteristic 
of the finished polarizer after the diffusion and polymerization of the monomers. Further measurements 
showed that the conversion of circularly polarized light into linearly polarized light was not optimal over the 
entire bandwidth of the inventive polarizer. Particular iy In both edges of the band the conversion was not sat- 

io isfactory. A better conversion can be otitained by using a composite substrate comprising two stretched syn* 
thetic resin films, the directions of stretching of t)oth films extending substantially transversely to each other. 

Figure 8 is a diagrammatic sectional view of a first embodiment of the lighting device in acoordanoe with 
the present invention. Said lighting device onnprises a box-shaped housing 1, for example of synthetic resin, 
one Inner surface of which is provided with a reflector of vapour-deposited aluminiunrL In (the housing there 

i5 are acoommodated three fluore«»nt lamps 3 as the electrb light sources. Said lamps are detachably provided 
in corresponding sodiets (not shown) via a threaded joint It Is alternatively possible to use a meander-shaped 
fluorescent tubular lamp irratead of separate fluorescent lamps. The device also comprises a polarizer4 having 
a quarter-wave plate 5. The polarizer is oonstructed as a broadband polarizer, as desGrit>ed In the foiBgoing 
embKXjirhents. 

20 When the device shown In Figure 8 Is in operation, the three fluorescent lamps-generate unpdarized light 
Apart of this llghtfails directly on polarizer 4 which allows passage of one of the orthogonally linearly polarized 
components, wheres© the oth«; "compatible", component is reflected. The reflected component \s (partly) 
converted into the "inoompatlble" exponent on reflector 2 and reflected in the direction of the polarizer which 
allows passage of this 'Incompatible" component which is then converted into linearly polarized light by the 

25 quarter-'wave plate, in this manner, the originally unpdarized light is converted into linearly polarized light with 
a high efficienGy (approximately 80%). 

Figure 9 Is a diagrammatic sectional viewof anotherembodiment of the inventive device. Said device com- 
prises a parabolic, self-suppoiing reflector 1 of aluminium. Said reflector comprises a sodcet 2 for an electric 
light source which, in this case, con^sts of a detachable halogen lamp 3. The device further ccvnprises a re- 

30 flective polarizer 4 having a quarter-wave plate 5. The Inventhre device operates essentially In the same math 
ner as the device of the foregoing embodiment The embodiment shown in Figure 9 can particulariy suitably 
be used for car lighting or studio lighting. 

35 Claims 

1 . Acholesterto polarizer comprising an optically active layer of a pcdymer material having a cholesteric order, 
the material being oriented in such a manner that the axis of the molecular helbc extends transversely to 
the layer, characterized in that the pitch of the molecular helix in the layer is varied in such a manner 

40 the difference between the maximum pitch and the minimum pitch is at least 100 nm. 

2. A chdesfaBric polarizer as claimed in Claim 1 , characterized in that the pitoh of ttie molecular helbc increas- 
es substantially continuously from a minimum value at one surfece of the layer to a maximum value at 
the other aurfeoe of the layer. 

45 

3. Achdesteric polarizer as claimed in aaim 1 or 2; characterized in that the polynnier material forms a three- 
dimensional networlc 

4. A cholesteric pcdartzar as claimed in Claim 1, 2 or 3, characterized in tfiat the optically active layer is pres- 
ent on a substrate of a stretched synthetic resin film, the degree of ^retching and the thidcness of ttie 
film being selected in such a manner that the opticaA retardation of the film Is appraximateiy 0.25 times 
the wavelength of the band reflected during operation of the polarizer. 

5. ' A cholesteric pdarlzar as dain^ed in Qaim 1 , 2 or 3, characterized in that the optically acthre layer Is pres- 
ent on a sut»trate of two stretched synthetic resin filnw of diff^nt composition, the dinacttons of stratch- 
ing of both films extending substantially transversely to each other and the degree of stristching of both 
films being selected in such a nianner that, due to the difference in dispersion between the films, the 
nett retardation of the substrate Is substantiaOy equal to 0.25 times the wavelength over a substantial 
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portion Of the reflected band of the polarizer. 
Btiatea are lemovKl from the optically active layer. 

Ame«.od of manuracturtna a cholesteric PO'«'^'»«*«''^!"^*ni?«m''^^ 
,„ tt^at a n-xture of ch^al and "^^^t ^^'T'- «diation 
a subst«te in the form of a layer, rfter wh.ch "^^^rmSS^S SSlv^iS^SS optically act 

optically actNe layer. 

B. An«thod -s ctelnHKi Oalm 6 or 7. charactert^d m that the nun,ber of «a«h« «,o«P. of the chl«l 
monomer dlffere from that of the nematogente monomer. 

ation used. 

a result of diffusion, after which the monomers are polymensed. 

11. An^das«.ain«dlnC.aim10.cha«c..rlzed.ntha.th.f.lmcompr^.mlxturearmonomersh«^^ 

different diffusion rates in the layer. 

12. AmethodasclaimedinClalm10or11.cha«ctertedinthatatlea.tap«tofthemonomers^ 

two or more polymerisable groups, 
aaims 1-5i8U8ed. 
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